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One of the key unsolved problems in our understanding how the solar corona and its embedded magnetic structure expands
into interplanetary space is the role of waves and turbulence in the heating of the corona and accelerating the solar wind. We
plan here to develop and use a combination of novel numerical techniques and analytical approximations to investigate the
following fundamental questions: How is the spectrum of outwardly propagating turbulence observed in high speed solar wind
streams generated, and is it the remnant of a basal flux heating the corona? What are the spectral characteristics and energy
dissipation rates of waves and turbulence from the photosphere to the corona? and use the results as an input, using a tested
global 3D MHD code BATS-R-US, to Construct a global 3D solar wind model with a realistic flux of turbulent energy. In previous
work, many aspects of the above questions have been addressed by different researchers. In particular, linear, wkb analyses,
and/or phenomenological nonlinear terms have been used to study the propagation of waves from the photosphere into the
corona, using a variety of geometries for the magnetic field. The physics of this problem is complicated by the strong gradients
in temperature and magnetic field across the transition region and the consequent coupling of the various wave modes. Here we
will investigate the propagation of waves through the lower regions of solar atmosphere (from the photosphere, through the
transition region and into the corona) using models of increasing complexity: from semi-analytical models, to shell-type models
for nonlinear interactions, to direct numerical simulations. We plan to develop a new type of compressible MHD code coupling
shock capturing schemes (Shu, 1997) to high order compact finite difference schemes (Lele, 1992, Pirozzoli, 2002), in order to
follow the transport of a turbulence made up of Alfv n, fast and slow modes in 2 and 3 D while retaining shock capturing
capability. We will obtain profiles of turbulent energy dissipation with height in the solar atmosphere in regions of different
magnetic topology. We will then adapt an existing compressible 3D MHD code (BATS-R-US) to construct a global 3D solar wind
model using results from the previous investigation to obtain a correct heating/turbulent pressure contribution to the global
momentum equation as a function of height and magnetic field line topology. This research will be used as an input to a 3D
MHD Global Modeling of the Sun-Earth Connection as a more realistic input driving the solar wind. It relates directly to one of
the Focused Science Topics of the LWS TR&T program (e). In keeping with the goals of the LWS TR&T program, this research
will increase our scientific understanding of the basic physical processes underlying the Sun-Earth connection and addresses all
three SEC roadmap primary objectives. The team assembled, consisting of scientists from JPL and the University of Florence,
has the necessary numerical, analytic and observational experience needed for the proposed work.
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